In China the first report of mastitis from M. bovis was published in 1983 [7] and 79 the first case of M. bovis pneumonia in 2008. Since then reports of pneumonia and 80 mastitis outbreaks associated with M. bovis have been described frequently [3, 8] . The 81 major contributing factor to the outbreak of M. bovis pneumonia was thought to be the 82 stress associated with the long distance transportation of cattle between farms and 83 feedlots. The disease is difficult to control with chemotherapy due to the intrinsic and 84 induced resistance to antimicrobials [2, 9] , therefore vaccination would be an ideal 85 alternative approach. An insight into the genetic diversity and population structure of 12], pulsed field gel electrophoresis (PFGE) [13, 14] , insertion sequence (IS) typing 92 [15, 16] and multilocus variable number tandem repeats (VNTR) analysis [14, 17] . Shandong (n=1). These Chinese isolates were cultured from pneumonic lungs (41); 119 mastitic milk (1); throat swab of a case of pneumonia (1) and fluid of a joint with 120 arthritis (1). PG45 was used as a comparative isolate in the present study.
121
DNA samples from eight Israeli M. bovis isolates were kindly provided by Prof. 122 Dr. Inna Lysnyansky from Kimron Veterinary Institute, Israel, and had been 123 collected in the period 2013 to 2014 from cases of pneumonia (6), stillbirth (1) and 124 arthritis (1). These isolates had originated from seven regions in Israel: Gilboa (n=1),
125
Beer Tuvia (n=3), Hevel Eilot (n=1), Eshkol (n=1), Mateh Yehuda (n=1) and Emek 126 Yizrael (n=1).
127
In addition, whole genome sequences of eight Australian isolates were retrieved 128 from GenBank. These had originated from mastitis cases (4), lungs (1), nasal swab
129
(1), joint fluid (1) and semen (1) assembled MLST-1 sequences were compared using the non-redundant database 154 (NRDB) comparison tool (http://pubmlst.org/analysis/) together with 10 previously 155 analyzed strains to assign allele and sequence type number [20] .
156
The 44 Chinese strains and PG45 were also assessed by the MLST-2 scheme which M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 9 the database for confirmation and allocation of novel sequence type.
162
For the evolutionary assay, an additional eight Israeli strains were typed by the 163 same method MLST-2. The whole genome of eight Australian isolates was annotated 164 using prokka 1.11 rapid prokaryotic genome annotation software [24] 165 (http://www.vicbioinformatics.com). Each locus sequence was extracted from the 166 annotated genome.
167

Pulsed Field Gel Electrophoresis (PFGE) analysis
168 PFGE of the 44 Chinese M. bovis field strains and type strain PG45 was performed as 169 previously described [13, 25] with some modifications for agarose block preparation.
170
Briefly, macro-restriction analysis was performed with the restriction enzyme SmaI as 171 follows: 15 ml of the M. bovis culture was centrifuged at 15000 ×g for 20 min at 4°C,
172
The pellet was then washed three times with Tris-EDTA buffer and resuspended in 173 400 µl of cold Tris-EDTA buffer (pH 8.0). Agarose plugs were prepared from a 1:1 174 mixture of the above cell suspension and 2% low melting point agarose 175 Wuhan, Hubei, China). They were then incubated in a lysis buffer (10 mM Tris-HCl, 176 1 mM EDTA, 1% lauroyl sarcosine, and 1mgml -1 of proteinase K) for 48 h at 56°C.
177
The plugs were then washed for 6 h with eight to ten changes of Tris-EDTA buffer at 178 4°C, then cut aseptically into 2 mm sections and equilibrated in 120 µl restriction 
Results
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The characterization of Chinese M. bovis isolates with three typing methods
215
MLST-1 analysis 216 The mean GC contents of the seven gene fragments ranged from 29.15% (dnaA) to 217 37.23% (tufA) while it was 37.4% for the whole M. bovis HB0801 genome [34] . The 218 number of polymorphic sites per locus ranged from 4 (6.2%) in recA to 19 (29.6 %) 219 in dnaA, and a total of 64 polymorphic sites for all seven genes were identified 220 ( Table 2 ). The number of alleles observed ranged from 2 (metS, recA, tufA, atpA, and 221 tkt) to 3 (dnaA and rpoD). The genetic diversity (H) for each locus was 0.0879 for 222 dnaA and 0.0444 for metS, recA, tufA, atpA and tkt. The d N and d S substitutions 223 ranged from 0.0000 to 0.0605.
224
The 44 Chinese isolates were divided into two STs by MLST-1 (ST-10 and 225 ST-34, Table 1 ). The ST-10 (with allelic profile of 2, 6, 2, 2, 2, 5, 3) was most 226 numerically dominant, comprising 97.7%(43/44)of the isolates including HB0801 Fig. 1 ). ST-34 (allelic profile of 11, 6, 2, 2, 2, 5, 3) contained only one strain SZ, 228 while ST-1 (allelic profile of 1, 1, 1, 1, 1, 1, 1) was represented only by strain PG45 229 (Table 1) . Based on the genetic relatedness, the 44 Chinese strains could be classified 230 into two clades, A and B. Clade A contained the majority (97.7%) of the isolates 231 (43/44) including HB0801, while clade B contained only SZ (ST-34). PG45 type 232 strain was an outlier of these two clades ( Fig. 1 ).
233
MLST-2 analysis 234
The mean GC contents of seven gene fragments after examination by MLST-2 235 ranged from 28.76% (tdk) to 35.61% (gyrB). The number of polymorphic sites per 236 locus ranged from 0 to 14 (15.5%) in gpsA and a total of 90 polymorphic sites were 237 identified ( Table 2) . Three alleles were identified for gyrB and gltX, two for adh-1, 238 gpsA, pta2 and tkt, but only a single allele for tdk. The genetic diversity varied from 239 0.000 to 0.879 within the locus (Table 2) .
240
The Chinese strains were distributed into three different sequence types. ST-10 241 with allelic profile 4, 3, 3, 3, 5, 3, 4 was the most numerically dominant type, (Table 1) .
274
The MST comparisons of all 266 isolates identified six clonal complexes (CC1 275 to CC6) based on the maximum distance between the nodes. Interestingly, the reportedly similar discriminatory powers have been developed for M. bovis [19, 20] .
334
In the present study we have demonstrated that two different MLST schemes, between the alleles of the tested M. bovis population and suggesting that their 343 evolution is free of recombination. Our study showed very limited genetic diversity 344 in the number of alleles ( Conflict of interest statement 371 The authors declare that they have no competing interests. Veterinary Microbiology, vol. 196, pp. 118-125, 2016. 510 38. J. Fisher, "The origins, spread and disappearance, of contagious bovine pleuro-pneumonia in New 511 Zealand," Australian Veterinary Journal, vol. 84, no. 12, pp. 439-444, 2006. /2013  Lung  PT-I  2  6  2  2  2  5  3  10  This study  4  3  2  3  5  3  4  10  CC3   Wuxue  WX-NHD0964  12/03/2013  Synovial   fluid   PT-I  2  6  2  2  2  5  3  10  This study  4  3  2  3  5  3  4  10  CC3   Yichang  YC-NHD0967  15/03/2013  Milk  PT-I  2  6  2  2  2  5  3  10  This study  4  3  2  3  5  3  4 
Shenzhen SG-NHD0983  01/04/2013  Lung  PT-I  2  6  2  2  2  5  3  10  This study  4  3  2  3  5  3  4 It is hypothesized that the widespread distribution of this type is a result of global livestock movements. Development of novel single strain vaccine may be effective in controlling M.bovis associated diseases.
.
